The weak interaction between the first and second generation of quarks, the CabibboKobayashi-Maskawa matrix (CKM) element |V us |, can be probed using hadronic τ decays. In this paper, we present the recent measurements of hadronic τ decays from BELLE and BABAR and the improvements in the determination of |V us | from τ decays.
Introduction
Hadronic τ decays provide an opportunity to probe the relation of the first row of the Cabibbo-Kobayashi-Maskawa (CKM) matrix by measuring the coupling of the first and second generation of quarks to the weak charged current, |V us | [1] . Measurements of |V us | from τ decays are complimentary to the kaon decay measurements [2] . The kaon measurements are consistent with the unitarity condition (|V ud | 2 +|V us | 2 +|V ub | 2 = 1), where the value of |V ud | used in this comparison is provided from nuclear beta decays [3] and the contribution from |V ub | is negligible [4] . However, new physics scenarios that couple primarily to the third generation could cause deviation between measurements of V us in the kaon and τ systems [5, 6, 7, 8, 9] .
In τ decays, there are multiple techniques that can be used to extract |V us |. In this paper, we will limit ourselves to the three most precise methods. The technique that offers the potential for the most precise measurement [10] comes from the flavor breaking difference with Finite Energy Sum Rules (FESR). More specifically,
is the strange hadronic width,
is the non-strange hadronic width and δR τ,SU 3 breaking is the theoretical SU(3) flavor breaking correction determined using Operator Product Expansion (OPE). From an experimental perspective, this technique requires that the inclusive strange and non-strange spectral density functions, which are constructed from the sum of invariant mass distributions for each of the strange and non-strange decay modes and normalized to the corresponding branching fractions, are measured. Since there are no solid predictions for the branching fractions of hadronic individual τ decays, all possible modes must be measured or have an upper bound placed on them. This technique is completely independent of the kaon measurements. If all of the branching fractions and spectral functions are updated with the data from the BELLE and BABAR, this method would be expected to make the most precise measurement of |V us | [10] . Currently, the most precise technique for determining |V us | from tau decays is:
where f K /f π = 1.1936 ± 0.0053 [11] is determined from Lattice QCD, |V ud | [3] , and the long-distance correction δ LD = (0.03 ± 0.44)% is estimated [12] using corrections to τ → hν τ and h → µν µ [13, 14] . This method is analogous to measurements in the kaon system and is sensitive to the same Lattice QCD uncertainties. Measurements using the absolute branching fraction τ
provides a competitive measurement compared to the former techniques, however, it is also sensitive to Lattice QCD uncertainties. For this method, the kaon decay constant is f K = 156.1 ± 1.1MeV [11] and the electroweak correction is S EW = 1.0201 ± 0.0003 [15] .
Experimental Results
The B-Factories, BABAR and BELLE, have measured many of the branching fractions for the hadronic τ decay modes [4] . This includes the majority of the main strange τ branching fractions, which are presented in Table 1 , as well as recent limits on unmeasured decay modes [16, 17] . This is in contrast to the small number of measured invariant mass spectra [18, 19, 20] . 
Discussion and Conclusion
The HFAG value of |V us | extracted using the three techniques mentioned above are compared to the kaon measurements in Figure 1 . In all of these methods, the uncertainty is limited by the experimental precision. Both of the measurements of V us extracted from ratio of
and directly from B(τ → Kν) are reasonably consistent with unitarity determined from [3] . Both of these measurements are dominated by the BABAR measurement [21] . The value of |V us | extracted using the FESR method deviation from unitarity is 3.4σ. With the recent upper-limits on the unmeasured τ decay modes, the possibility of this deviation resulting from missing decay modes is becoming smaller. However, measurements of the hadronic τ decays at BELLE and BABAR seem to be systematically lower then the previous world averages. This problem could be a result of differences in the definitions of the decay modes between the B-Factories and previous experiments or an artifact from only having updated a subset of all the τ hadronic branching fractions. Therefore, further results are needed before drawing any significant conclusions. On the theoretical side, the deviation could be related to convergence problems with the weights employed for the FESR which are not taken in to account by the systematic uncertainties [10, 30, 31] . [4] for the hadronic τ decays.
The HFAG values of |V us | are extracted using the average branching fractions from HFAG. The three upper values are from K l3 decays [2] , K l2 decays [2] and the unitarity constraint [3] .
